A modified heated sampling system for the Centronics Medical Spectrometer has been developed and tested for signal delay and response times. The modified system has improved sampling characteristics which should lead to more reliable dynamic measurement of water vapour pressure.
The medical mass spectrometer is a versatile device that may be used for direct, continuous and simultaneous measurements of respiratory gases and volatile anaesthetic agents. Precise measurements of water vapour can be made but the technique requires careful calibration I and the response time may be inadequate for measuring rapidly changing gas concentrations.
We have examined the response characteristics of a modified heated inlet catheter and compared this with the standard heated inlet sample system on a Centronic Medical Mass Spectrometer. METHODS A Centronic Medical Mass Spectrometer (Model MGA2(0) was calibrated to measure water vapour, oxygen and carbon dioxide at the mass/charge ratio of their molecular ions.
Two streams of gas mixtures, one air and the other a mixture of oxygen (15 kPa), carbon dioxide (5 kPa) and water vapour (6.6 kPa) , were alternately switched in past the heated inlet system being tested by using two solenoid operated valves kept at 60 QC. The step changes of each gas gave full scale deflections (0-5 cm) on a multichannel recorder (Grass Polygraph Model 7D, Grass Instrument Co., Quincy, Massachusetts, USA) together with the electric switch impulse on the fourth channel.
The linearity of the mass spectrometer in response to changes of water vapour pressure in the range 0-9 kPa was determined by using a modified form of a saturated water vapour generator ( Figure 1 ) described by Green and Nesarajah l which could deliver saturated water vapour over the range in question.
Catheter sampling systems were tested by determining the response time in milliseconds between 10070 and 90% of the signal. Lag times were measured from the time of the electrical impulse on switching between two gas streams to the time of first response determined in milliseconds.
Two different catheter systems were evaluated.
Type A: The standard, commercially available Centronic Heated Inlet Kit and 1.82 m heated catheter as supplied by 20th Century Electronics Limited, New Addington, Croydon, CR9 OBO, England. Flow through this catheter system was 30 mllmin.
Type B: A 0.61 m long Beckman Heated Sample Inlet (PIN 149573) from the Beckman LB-2 Carbon Dioxide Analyser. An independent 15 volt DC power supply was constructed to supply energy to heat this catheter system to 105°. The flow through this system was varied by using a three-way tap and evaluations were performed at flows of 30, 60, 600 and 1200 mllmin.
RESULTS
The time from the change of gas sample to the first response of the mass spectrometer recording, Absolute Delay Time (ADT) depends on the signal generating mechanism, catheter characteristics (including sampling rate), mass spectrometer measurement, and recording delay. As we were only interested in the performance of the water vapour measurement we have calculated the Relative Delay Time (RDT) which is the difference in time between the first appearance of water vapour pressure response and carbon dioxide response. The RDT for the Centronic system and the modified Beckman LB2 system at different sampling rates are shown in Table 1 . The time required to generate 10-90070 of the signal for water vapour, carbon dioxide and water is demonstrated in Table 2 . 
DISCUSSION
Both the RDT and the 10-90070 response can be markedly changed using the modified Beckman LB -2 catheter. The RDT and response time were halved at a sampling rate of 60 mllmin and a six-fold reduction in delay and response time being possible at the high sampling speed of 1200 mllmin. The Centronic system requires at least 2.5 seconds to achieve a full response after a gas sample change. Obviously this is too slow for breath-to-breath gas analysis if tachypnoea occurs. The Beckman LB -2 Heated Sample Inlet system can achieve a full response in approximately Anaesthesia and Intensive Care, Vol. IX, No. 3, August, 1981 600 msec. This faster response may be more useful in measurement where concentrations of gases are changing relatively rapidly and high sampling rates can be used.
